The current myofibrillogenesis model is based mostly on in vitro cell cultures and on avian and mammalian embryos in situ. We followed the expression of actin, myosin, desmin, a-actinin, titin, and troponin using immunofluorescence microscopy of zebrafish (Danio rerio) embryos. We could see young mononucleated myoblasts with sharp striations. The striations were positive for all the sarcomeric proteins. Desmin distribution during muscle maturation changes from dispersed aggregates to a perinuclear concentration to striated afterwards. We could not observe desmin-positive, myofibrillar-proteins-negative cells, and we could not find any non-striated distribution of sarcomeric proteins, such as stress fiber-like structures. Some steps, like fusion before striation, seem to be different in the zebrafish when compared with the previously described myogenesis sequences. q
Introduction
In vertebrates, mononucleated replicating embryonic precursor cells form in skeletal muscle a large multinucleated elongated syncytium, filled with striated myofibrils. Therefore, the main characteristic of the striated muscle differentiation is the myofibrillogenesis, or the process of morphological change and the developmentally regulated sequential expression of muscle structural proteins. Although a lot is known about the biochemical details of muscle contraction, there are relatively few models of myogenesis. The best-characterized in vitro model of skeletal muscle cells is the avian primary culture (Lin et al., 1994) , while the in situ development has been characterized in the mouse (Furst et al., 1989) , chicken , and, more recently, in the frog Xenopus (Martin and Harland, 2001) . While the easiness in handling the in vitro model led to the characterization of the expression sequence of structural proteins, the in situ models are quite difficult to study. Mammals develop in the uterus, which makes the embryos less accessible, while avian embryos have a hard shell and a lot of yolk, which is why they had not been studied in the same level of structural detail as cell cultures. To better characterize myofibrillogenesis in situ, we decided to use the zebrafish Danio rerio. It is quite easy to handle, has a very fast oviparous development, and is optically transparent, which makes immunofluorescence studies very effective (Dooley and Zon, 2000) . It has become the focus of a huge research effort, which includes the generation and characterization of several mutant strains and sequencing of its genome (Haffter et al., 1996) .
The first event in muscle differentiation is the commitment of muscle precursor cells to the muscle lineage, which is regulated by muscle regulation factors genes like MyoD, myogenin and Myf-5 (Krempler and Brenig, 1999) . The first muscle structural protein to be expressed is desmin, the muscle-specific intermediate filament protein (Capetanaki and Milner, 1998) , which may not actually be part of the myofibril. Desmin, like a-actinin and titin, is first expressed around the nucleus, and later occupies the rest of the cell. While in mice replicating cells express desmin, in the chick desmin appears a few hours after the withdrawal of the cellcycle (Kaufman and Foster, 1988) . These post-mitotic myoblasts elongate and align, while beginning to express the scaffold proteins a-actinin and titin. The expression of a-actinin precedes that of titin in the chick in vitro model, whereas titin may appear before a-actinin in the in situ mouse model (Furst et al., 1989) . a-Actinin links the membrane to actin microfilaments in non-muscle cells or to myofibrils and intercalated disks in heart cells (Blanchard et al., 1989) . In striated muscle, it joins microfilaments in the Z-line. a-Actinin is present in the costameres, periodical associations of the myofibrils with the sarcolemma. Its role as a membrane related protein suggests that it is an important nucleation center for myofibril assembly (Lin et al., 1998; Ojima et al., 1999) . A single titin molecule spans from a Z-line to an M-line in mature muscle, supporting and connecting the thick and thin filament systems (Gregorio et al., 1999) . Different titin epitopes are assembled at distinct times during myofibrillogenesis, as they are involved with two sets of filaments: actin-containing filaments (stress fiber-like structures, SFLS) are assembled before myosin thick filaments. Other evidence for independent regulation of actin and myosin comes from TPA treatment of skeletal muscle, in which actin reorganization precedes myosin disassembly by several hours, and each form separated structures (Lin et al., 1989; Mermelstein et al. 1996) . Troponin is an actin-associated protein, which regulates the actin interaction with myosin, based on the calcium concentration (Gordon et al., 2000) . It is composed of the subunits T, which binds to tropomyosin, I, which inhibits the actin-myosin interaction, and C, which binds Ca 21 and regulates the position of the complex. It is used as a marker of muscle cell differentiation, and has been used recently as a heart damage marker (Adams, 1999) . Several other proteins, like tropomyosin, troponin and myomesin, need to be incorporated into the sarcomere before the muscle can be fully functional.
During differentiation, non-muscle isoforms of several proteins are down regulated, while muscle-specific isoforms begin to be expressed. This switch from non-muscle to muscle specific isoforms occurs with actin (Rubenstein and Spudich, 1977) , myosin (Goncharova et al., 1992) , and a-actinin (Phillips et al., 1995) . The intermediate filament network changes from being composed of vimentin to desmin, after cells become committed to the muscle lineage (Tokuyasu et al., 1984) .
In cell cultures, the vast majority of myoblasts start to fuse while they are beginning to show sarcomeric protein filaments, but before becoming striated. In embryos, cell fusion has not been followed carefully, and it is difficult to determine the number of nuclei in nascent myotubes. In MyoD transfected non-muscle cells, striation is clearly independent of fusion, and it is easy to observe perfectly striated mononucleated cells . Disassembly of microtubules with drugs blocks fusion, but does not prevent myofibrillogenesis (Antin et al., 1981) . On the other hand, some treatments that block cell adhesion interfere with further differentiation (Imanada-Yoshida et al., 1998) .
Even with all the recent interest in zebrafish, its myogenesis, and particularly its myofibrillogenesis, has not been described in detail. One of the few works on this subject (Felsenfeld et al., 1991) studied muscle in the Fub-1 mutant, but mostly comparing the basic features of the normal embryo with the muscle-impaired mutant. They observed, using electron microscopy, damaged myofibrils in the mutant. Most of the other zebrafish studies concentrate on the developmental biology of cell interactions through genetic and cellular analysis (Stickney et al., 2000) . There are several works on the fish mutants and genes that regulate cell fate, particularly on MyoD and muscle regulation factors. Recent papers describe the activation of musclerelated genes (Xu et al., 2000) and particularly of desmin (Loh et al., 2000) , using Northern blot and in situ hybridization, but they do not describe the protein expression and distribution. In mouse myotomes, the fibers differentiate from the central to the peripheral region in a transversal direction (Venters et al., 1999) . In the zebrafish, the muscle precursors move from a medial position along the notochord to a peripheral, radial distribution where they will become the slow swimming muscles. The fast muscles differentiate from cells initially lateral in the newly formed somite, but later medial (Devoto et al., 1996; Stickney et al., 2000) . Around the dorsal-ventral middle, there is a small group of cells, the muscle pioneers, that mature earlier than other muscle cells (Felsenfeld et al., 1991) . Although there are few studies in zebrafish, there is already a controversy if there is striation without fusion (Waterman, 1969 , but see Kimmel and Warga, 1987) . Recently the issue has been re-studied (Roy et al., 2001) , using a variety of approaches. They conclude that slow muscle fibers and muscle pioneers are mononucleated, while fast cells are multinucleated. We decided to follow this process in zebrafish, because although a lot of its development has been studied, its myofibrillogenesis has not been followed carefully. During the course of these studies, we observed interesting deviations from the standard avian and mammalian myogenesis, which are reported in this paper.
Results

Cell structure
In this paper we were able to follow some key events in zebrafish myogenesis. During its development, new somites are formed between 10 and 24 h, from the anterior to the posterior part of the embryo, every 20 min between 10 and 12 h and every 30 min thereafter (at 28.5 8C, Kimmel et al., 1995) . Since new somites are formed during the first day, and the cells keep maturing, there is a clear correlation between time of development and position along the headtail axis. This property simplifies the effort of following a group of cells in culture along time, and even solves the problem of lack of synchrony in cultured cells. In this way, it was possible to observe different stages of muscle development simultaneously, using computer processed video-enhanced differential interference contrast (DIC) microscopy of the most recently formed somites (Fig.  1A) . We could observe the first striated fibers in somites while, adjacent to them, more recent ones, non-striated, are still forming the connective tissue septum and separating from their neighbors. This can also be observed using the aactinin label as a muscle differentiation marker in 24-h embryos, which still have very young somites (Fig. 1B) . The superimposition of the a-actinin image with DIC and the nuclear staining DAPI, shows that there are several nuclei in those caudal somites which do not express detectable a-actinin (Fig. 1C) .
Interference contrast microscopy is sufficient to do optical sectioning of thick materials, because of its very narrow depth-of-focus. On the other hand, confocal microscopy is usually needed for fluorescence-based analysis of such specimens, because of contrast loss along the depth axis . In the zebrafish, we could follow by conventional fluorescence microscopy the sharp and delicate striations in more than 20-mm-thick optical sections.
We did a color-coded reconstruction from five focal planes, 2 mm apart, of young somites labeled with a-actinin, which shows striated muscle precursors in different distributions along separate layers, lateral ( Fig. 2 , top) to central (Fig. 2, bottom) . The level of detail we were capable of attaining has not been shown previously for intracellular structures in developing embryos, in situ, even with confocal microscopy. This can be explained because of the organized, The septa between the somites (indicated by the parallel lines) and the striated muscle fibers are gradually visible from right to left, from younger to older somites. The arrows point to an early striated muscle fiber. Low-power immunofluorescence image of a 24-h zebrafish embryo tail (somites 18-30) using antia-actinin antibody (B, red) and merged image (C) of a-actinin (red) and DAPI (blue) stain and DIC (gray). The arrows in B and C point to the end of the muscle-protein positive region. Note that there are several nuclei below the arrow, as shown by the DAPI stain, which are a-actinin negative. In all the images anterior is on left, and posterior on right. Bars: A, 10 mm; B,C, 100 mm.
spatially restricted distribution of the cytoskeletal proteins in the slow muscle, the only differentiated monolayer in the initial stages, together with the renowned optical clarity of the embryo (Devoto et al., 1996; Stickney et al., 2000) . In older somites (between 24 and 48 h), there are around 50-100 myocytes, each one containing around 30 perfectly striated sarcomeres in a single myofibril. The myocytes are usually mononucleated, the nuclei dislocated to the cell periphery. Each myofibril is about 40 mm in length and 5 mm wide.
Cytoskeletal filaments and myofibrils
All the sarcomeric proteins tested, actin, myosin, a-actinin, tropomyosin and titin, were present in all muscle cells in 48-h zebrafish embryos, with distributions characteristic of quite developed muscle fibers. By comparison, it takes chick skeletal muscle cultured cells about a week to get to this developmental stage.
We observed a striated distribution of both actin and myosin (Fig. 3) . Although those are the major components of the sarcomere, they are also present in non-muscle cells. In this way, only the isoforms switch and striation could be really used as myogenesis markers. On the other hand, the somewhat segmented actin pattern observed (Fig. 3C ) could be an intermediate structure on the I-band assembly.
Desmin is first expressed as small agglomerates around the nuclei. While a caudal myotome can be desmin negative, its neighbor (to the head) can show desmin foci, and the next 1-2 somites can have most of the cell as desmin positive (Fig. 4C,D) . This would imply a 1-2-h interval for the expression and distribution of desmin. A few somites ahead (or a few hours later), cells became striated for desmin (Fig. 4A,B) . The initial desmin distribution around the nucleus is typical of all intermediate filaments (Fig. 4E) . Even in the cells with striated desmin, it is still present in the rest of the cell, and concentrated around the nuclei.
Looking carefully at the very first somite with desmin positive cells, we can see that its cells are already positive and striated for a-actinin (Fig. 5A-D) . We did not observe any desmin positive and a-actinin negative cells, as has been observed in chick cultured cells . We observed a-actinin always expressed in the Zline (Fig. 5B,D,F) . It is sharply distributed periodically in older cells as thin (in the longitudinal direction) but quite large (transversal) lines. In younger cells, we can see striated myofibrils still not aligned laterally (Fig. 5B,D) . We did not find any non-striated a-actinin staining, even in quite young somites.
Titin also appeared striated in young (Fig. 6A ) and older cells (Fig. 6B ). Even though a single titin molecule spans the whole sarcomere length, monoclonal antibodies that label only single epitopes, have a periodical staining pattern. Although the antibody we used (clone T11) usually stains a doublet around the Z-line, we only observed a somewhat broader Z-line labeling, which could be explained by the Fig. 2 . Immunofluorescence of 24-h zebrafish somites 24-25 using anti-a-actinin antibody. Color-coded projection of five focal planes 2 mm apart, obtained with computer-processed, video-enhanced microscopy in two adjacent young myotomes. The color-coded bar on the right represents each Z-step; red is top and purple is bottom. Bar: 10 mm. zebrafish embryo's optical limitations in our experimental conditions.
Troponin stains the I bands, since it is associated with actin microfilaments (Fig. 6C,D,F) . In mature myotomes we can see sharp broad striations (Fig. 6C) , while in higher magnification we can observe the doublet pattern, with the fainter Z-line stain, typical of well-organized myofibrils (Fig. 6D) . In triple labeling of younger myotomes, we see desmin concentrated around the single nucleus (Fig. 6E) , identifiable by the DAPI (Fig. 6G ) and DIC stains (Fig.  6H) , while troponin is already striated (Fig. 6F ).
Discussion
Muscle cells position and structure
We observed in the zebrafish mononucleated myocytes, with the nuclei in the cell periphery, in dilated regions of the cytoplasm. We could compare the DAPI nuclear stain with DIC visualization and specially the desmin 'nest' around the nucleus. We did not observe older embryos, to define when those cells fuse and became multinucleated later during development. Whatever the case, in the conventional in vitro skeletal myogenesis sequence, the fusion-competent period precedes striation. We could not see multinucleated cells, as reported recently (Roy et al., 2001 ), but since we did not used a confocal microscope, our analysis was probably based on the more peripheral slow cells.
The characteristic morphologies of muscle cell types can be directly correlated to their physiologies: while the short, mononucleated heart cells have branched myofibrils, the long multinucleated skeletal muscle cells have perfectly aligned myofibrils. Those morphologies correlate with the contraction directions: while heart cells contract in all directions, skeletal cells have a single contraction axis. Zebrafish myocytes are peculiar in those aspects: they are mononucleated and somewhat long. They span the whole somite, about 40 mm in length and 5 mm wide, while avian or even amphibian embryonic cells are much longer and thinner (Holtzer et al., 1957) . Besides, there are fewer cells per myotome in the fish than in the avian or mammalian embryos. We could speculate that the relatively short zebrafish myocyte do not need to fuse neither to have more than one large myofibril in order to be fully functional. The proposition that, in the zebrafish skeletal muscle, slow cells are mononucleated while fast cells are multinucleated (Roy et al., 2001 ) is also based on physiological demands.
Cytoskeleton structure
Zebrafish somites 24-48-h myoblasts have one large myofibril, which occupies most of the internal volume. The myofibrils in zebrafish have no branches or ramifications, as observed in chick heart cells (Dlugosz et al., 1984) . These fish myofibrils seems to attach to the basal lamina and to the connective tissue in the septa between the somites, were we could localize specific cytoskeletal proteins, like dystrophin and vinculin (unpublished data).
We observed striated distributions of actin and myosin quite early. Actin, particularly, appeared as a segmented stain in early somites. The incorporation of actin and myosin in the myofibril is significantly different from other sarcomeric proteins, since there are other structures in undifferentiated muscle cells that use actin and myosin. So there is a concomitant genetic and biochemical isoform switch and a spatial rearrangement of the molecules.
The completeness of the structure can be deduced by comparing the distributions of structural proteins. We obtained sharp periodical labeling for all the cytoskeletal proteins we tested in the somites of a 48-h embryo. Throughout the animal kingdom, the degree of order in the myofibril correlates with the physiological demands on the muscle, as can be shown in the bee flight muscle, which vibrates at very fast speeds and contains fibers which are perfectly aligned (Cheng and Deatherage, 1989) . The environmental stimulus may also be controlling the timing of striation, since the fish striates much earlier than the avian and mammalian in vivo or in vitro models.
Distribution of selected muscle proteins
While the function of desmin is still a matter of controversy, it is present in endothelial cells and all kinds of muscle. It is the first structural muscle-specific protein to be expressed, and a marker of muscle commitment. At the same time, it is not down regulated with muscle-specific proteins in several muscle de-differentiation models, from hypertrophic cardiac cells in human to electric organs of the Electrophorus electricus (Costa et al., 1988) . Desmin filaments, as all intermediate filaments, are spread throughout the cells, associated with microtubules, but linked to the cell and nuclear membrane. In chick embryos, desmin expression starts in somite 0-4 in stage 12 (HH) when they have 16 somites (out of a total of approximately 45), and correlates with the segmentation (Borman and Yorde, 1994) . In zebrafish, we observed that the very youngest 1-3 somites do not express desmin in the first 12-24 h of the embryo, desmin begins to be expressed in the next 2-3 somites, while the septa between them became more sharp and characteristic. After its first expression as agglomerates close to the cell center, it becomes progressively more abundant. The first signs of striations appear 2-3 somites after the first desmin expression. New somites form in this region every 30 min, this would imply that it takes 1-1.5 h for desmin to be expressed after the cell became incorporated into a somite, and another 1-1.5 h for it to became striated. This time is much shorter than in avian cultures, where it can take 2-3 days after they became striated for a-actinin, to became striated for desmin. There is also a few hours' delay, in culture, between the commitment of cells to the myogenic lineage (as indicated by cell-cycle withdrawal) and desmin expression Lin et al., 1994) . It is important to point out that desmin striates only after the other structural proteins; whatever is the function of desmin striation, it is different in time and nature from that of the actual myofibrillar proteins.
Cultured chick muscle cells can be desmin-positive and a-actinin-negative, but never desmin-negative and a-actinin-positive . Eventually, desmin-positive cells also express a-actinin, which indicates that desmin expression precedes a-actinin expression by several hours or even a day. The same is true for the other myofibrillar proteins. In the zebrafish embryo, we did not observe any desmin-positive, a-actinin-negative cell, using two different polyclonal antibodies. We think that the interval between the start of the expression of a-actinin and its striation is so short that we do not find cells in this transitional stage. In Fig. 4 . Sequence of four consecutive, from head to tail, desmin immunofluorescence images of a 24-h embryo, using anti-desmin antibody (from Sigma). Desmin is first observed as small aggregates in somites 27-29 (D), around the nuclei in somites 26-28 (C, arrow) and striating in somites 24-26 (B) and 23-25 (A). The left bracket ({) shows a cluster of desmin aggregates that can be seen in different focal levels in (B) and (C), while the right bracket (}) shows another group in (C) and (D). The septa between the somites are not visible, because they are still not clearly defined. Digital superposition of immunofluorescence of 24-h zebrafish myoblast in somite 28 using anti-desmin antibody from Sigma (green) and DAPI stain (blue, E). Desmin can be seen clearly around the nuclei. From the comparison of the nuclear versus desmin stain, we can observe in this field only two desmin-positive cells, surrounded by several desmin-negative cells. Bars: A-D,E, 10 mm.
cultured avian cells, we usually observe several parallel stress fiber-like structures (SFLS, Dlugosz et al., 1984) . Besides, in chick cultures we have a transition from an early dotted distribution of a-actinin along the SFLS to a striated appearance. a-Actinin has been suggested as a putative nucleation site for the SFLS, which afterwards align laterally and became registered. This model assumes that the striation is a change in distribution of already present proteins, which needed some time for the synthesis and accumulation of the appropriate isoforms. Since in the zebrafish the very first a-actinin cells are already striated, we propose that, in the fish, either the accumulation period is very short or there is no need for the formation of the transitional SFLS. In older cells, a-actinin stains thin, sharp, and broad Z-lines. This is not completely unexpected, since there are almost no stress-fibers in vivo or in situ.
Titin is also present quite early in zebrafish myogenesis, and it shows the same abrupt switch from lack of detectable amounts of the protein to definitive sharp striations. Titin has been implicated as joining the actin microfilament system to the myosin thick filaments, since it binds to both structures. It would be interesting to use other titin antibodies to further explore the differences in the sequence of appearance of the Z and M line striations.
Troponin also appears striated since the beginning of zebrafish myogenesis. It has a typical periodical staining, with thick I bands, compared to the thin Z-line staining of aactinin. In higher magnification we observed even the fainter region in the middle of the I bands. We could compare the perinuclear desmin distribution with perfectly striated troponin in a mononuclear cell (Fig. 6E,F) . Again, we could not find non-striated troponin cells. Since the expression of troponin occurs only after the myofibril scaffold has been assembled by a-actinin and titin, it is a marker from a separate and later step in myofibrillogenesis than aactinin striation, and another sign of the rapid myofibril maturation in zebrafish.
Overall, zebrafish have the same basic myofibrillogenic sequence, but with important differences in timing and appearance of intermediate sarcomeric structures. We did not observe non-striated sarcomeric structures in the zebrafish embryo. The SFLS that appears in culture could be an in vitro consequence of the stress fibers themselves. We do not think that the zebrafish is an exception, but rather that the detailed in vitro-based model needs to be applied more carefully to the actual embryonic development.
Myogenesis could be understood as a continuous and invariant sequence of events, as a cascade where each event conditions the next one. As opposed, we view muscle differentiation as a set of centrally regulated, concomitant but autonomous, steps. Some myogenic steps in the zebrafish, like fusion and striation, have different timings than their counterparts in birds or mammals, or even are absent in the zebrafish (like SFLS). The presented results reinforce the discrete nature of each step, as they seem to be independently regulated.
Having characterized the normal myogenic pattern, we will be able to study changes induced experimentally or in selected zebrafish motility mutants. Using the direct in vivo observation of the embryo muscle development, we expect to better understand the determinants of myofibrillogenesis and muscle differentiation.
Experimental procedures
Zebrafish embryos
Embryos were collected from our colony of wild-type inbred zebrafish, obtained from Professor Marnie Halpern (Carnegie Institution of Washington, USA). Fishes and embryos were raised and maintained at 28 8C in a 14-h light cycle. 
Antibodies
All antibodies were obtained from Sigma Chemical Co (St. Louis, USA), excepted when indicated. We used the following primary antibodies, diluted 1:100:
(1) Anti-sarcomeric a-actin (clone 5C5), monoclonal, catalog # A-2172, (2) anti-skeletal myosin, polyclonal, catalog # M-7523, (3) anti-sarcomeric a-actinin (clone EA53), monoclonal, catalog #A-7811, (4) anti-desmin, polyclonal, generously provided by Prof. Howard Holtzer (University of Pennsylvania, USA), (5) anti-desmin, polyclonal, catalog #D-8281, (6) anti-troponin T (clone TJLT-12), monoclonal, catalog #T-6277, (7) 
Immunofluorescence microscopy
We fixed decorionated zebrafish embryos at the 24-or 48-h stage, using 4% paraformaldehyde in phosphate-buffered saline (PBS) for 20 min at room temperature. The embryos were permeabilized with 0.5% Triton X-100 in PBS for three times (5 min each) at room temperature. The embryos were then incubated with appropriately diluted primary antibodies for 1 h at room temperature. After incubations with the antibodies, the embryos were washed with 0.5% Triton X-100 in PBS for three times and incubated with appropriately diluted secondary antibodies for 1 h at room temperature. In some experiments, embryos were incubated for 20 min with 3.3 mM rhodamine-phalloidin (Sigma). Control experiments with secondary antibodies only (omitting the primary antibody step) were performed and only a faint background staining was observed (data not shown). We also used alternatively the conjugated secondaries, and obtained the same results. After being washed with Triton 0.5% X-100 in PBS, embryos were stained with 0.1 mg/ml DAPI (Polysciences, USA) in 0.9% NaCl to reveal the nuclei. They were mounted on 24 £ 60-mm coverslips with spacers using 60% glycerol, 0.0025% PPD, 5% NPropyl galate and 0.25% DABCO, pH 7.5 (all reagents from Sigma, otherwise stated).
Image acquisition and processing
Embryos were observed with an Axiovert 100 inverted optical microscope (Carl Zeiss, Germany), with appropriate selective fluorescein, rhodamine, DAPI and differential interference contrast filters. The images were taken using an Argus 20 image processor coupled to an integrated CCD camera (Hamamatsu, Japan), and transferred through a SCSI interface to a Dell Optiplex 575GL computer (Dell Computer, USA). The processor allowed us to do on-line image accumulation and background subtraction. We did the images measurement and analysis using the public domain NIH Image program (developed at the U.S. National Institutes of Health, USA, and available on the Internet at http://rsb.info.nih.gov/nih-image/). The images, taken using 820 £ 771 pixels, were processed for brightness and contrast adjustment and resampled by bi-linear interpolation to 720 dpi using Adobe Photoshop (Adobe Systems, USA) for printing in an Epson Stylus 640 (Epson, Brazil). We devised various procedures to overcome the difficulty of dealing with a three-dimensional structure. For color-coded reconstructions, we adjusted the color in each image of a z-axis series to represent a different hue using Photoshop. The original grayscale images were also pseudo-colored and superimposed using Photoshop.
